Introduction
Regulation of the proportion and local pattern of distribution of woody and graminoid lifeforms in savannas has been ascribed to edaphic, pyrogenic and climatic factors (Walter 1971 , 1979 , Monasterio and Sarmiento 1975 . The observation that root systems of grasses intensively exploit a relatively small proportion of the soil profile, while woody plants utilize a much greater soil volume, prompted Schimper (1903: 173) to suggest "moisture in the subsoil has little influence on the covering of grass; only moisture in the superficial soil is Accepted 6 October 1989 ? OIKOS 366 important to it" and that woody plants are favored by moist subsoil "regardless of whether rain falls frequently or rarely, or whether the rain falls during a period of activity or of rest."
Variations in physical properties of soils may interact with rooting patterns to influence the distribution and abundance of plant lifeforms (Beard 1953 , Cole 1982 , San Jose and Farinas 1983). Coarse-textured soils permit greater infiltration and deeper percolation of water and should favor woody plants exploiting soil moisture at greater depths (Knoop and Walker 1985) . Fine-textured soils that retain water in the upper soil layers should favor grasses with high root densities in upper horizons by limiting water penetration to lower horizons.
Disturbance regimes may also regulate the relative abundance of grasses and woody plants. In many instances, changes in community structure from grassland or savanna to woodland appear to be a consequence of shifts in herbaceous composition and standing crop resulting from grazing (e.g. Buffington and Herbel 1965 , Madany and West 1983 , van Vegten 1983 . Defoliation of grasses reduces their biomass, both above-and belowground, adversely affecting their ability to pre-empt resources (Knoop and Walker 1985, Caldwell et al. 1987 ) and exclude invading woody plants. Reductions in herbaceous biomass and litter accumulations resulting from grazing would also decrease the frequency and intensity of fire, further favoring woody plant establishment and growth. As a result, decreased grass cover following grazing and drought has been followed by rapid invasion of the arborescent legume, mesquite (Prosopis spp.), in southwestern North America (Herbel et al. 1972, Archer et al. 1988 ). However, invasion of ungrazed grasslands by woody plants has also been reported in desert (Brown 1950 
Methods
Establishment of P. glandulosa in the herbaceous zone was evaluated by placing thirty scarified seeds on the soil surface in each of twelve 2 x 1 m plots randomly located in the exclosure. The 360 seeds were disseminated in July 1984, coincident with seed production on mature trees. Germination exceeded 96% at 25?C in a growth chamber test of 1000 seeds. Emergence was noted two weeks after seed dissemination. Survival, expressed as a proportion of emerging seedlings, was assessed monthly through October 1984, and May through September, 1985.
Seasonal patterns of gas exchange and water relations of the dominant grass on the site and Prosopis plants at different stages of development were examined in 1985 with respect to precipitation, soil moisture, temperature and atmospheric vapor pressure deficits. Net photosynthesis (Pn) and stomatal conductance (g) were measured on one-year-old Prosopis seedlings, leaves of mature Prosopis trees, and leaf blades of Chloris cucullata tillers. The same leaves were followed on each date. Diurnal measurements (0900, 1200 and 1600 hours) of gas exchange on clear days in May, June, July and August were made on both leaf surfaces with a closedflow portable photosynthesis system (LI-6000, LI-COR, Inc., Lincoln, NE, USA) and a 0.25 1 cuvette. Air and leaf temperature and vapor pressure deficit were also recorded. A minimum of three Prosopis seedlings and three Chloris tillers (3 to 4 blades per tiller) were followed through each day. Two leaves on each of three adult Prosopis trees were also monitored.
All measurements of gas exchange were made on Relative to the upper depths, SM in lower depths displayed a lag in both recharge and depletion (Fig. lb) . SM in the upper 90 cm was rapidly depleted in June in spite of a series of showers yielding a total of 13 cm of rain (Fig. la) . The substantial lag in recharge of deep soils after rainfall events in both April and May presumably reflected the higher clay content and bulk density in horizons below 30 cm.
Adult Prosopis plants had the highest rates of net photosynthesis (Pn) and Prosopis seedlings the lowest (Fig. 3) . The PC by 1400 t TOD interaction was significant on each date. Xylem water potential (XWP) of Prosopis at predawn was similar or slightly lower than that of Chloris throughout the season, with the exception of 2 July, when Chloris tillers were substantially more negative (Fig. 4) . Through the day, XWP of Cloris tillers, which generally had lower g than Prosopis plants (Fig. 3) Pn and g of Chloris tillers was correlated with SM in this zone. The limited ability of Chloris to utilize subsoil moisture was particularly evident during July and August, when upper horizons had a much lower water content than lower horizons (Fig. 1) . During these times, Pn and g were generally highest in adult and seedling Prosopis and lowest among Chloris tillers. In addition, Pn (Fig. 2) and g (Fig. 3) of Chloris was substantially enhanced on 11 June, apparently in response to a small precipitation event (Fig. la) which did not register on the neutron probe measurement of SM. The importance of these small rainfall events in contributing to primary production of semi-arid grasslands has been summarized by Sala and Lauenroth (1982) . Herbaceous zones were not shaded by adult Prosopis and herbaceous plants were not shading Prosopis seedlings. Thus, the plants monitored on this site all experienced comparable light regimes. Mature P. glandulosa plants were consistently superior to either Chloris tillers or one-year-old Prosopis seedlings with respect to Pn, even when water content was high at shallow depths. This suggests adult Prosopis plants have (1) the ability to access shallow as well as deeper sources of soil moisture and/or (2) a higher photosynthetic capacity than Chloris or seedling Prosopis. Pn was low in Prosopis seedlings relative to mature trees even though conductance was comparable to substantially higher. This suggests developmental shifts in water-use efficiency and may reflect ontogenetic constraints on photosynthetic capacity in seedlings relative to adult plants (Kozlowski 1971 ) as well as differential access to moisture at deeper depths.
Coarse-textured soils, which occurred to 40 cm on our site, permitted a substantial recharge of moisture deep into the soil profile during May and June (Fig. lb) . The recharge of soils to depths >90 cm observed in 1985 followed a series of rainfall events over 10 d in May which totaled 23 cm (Fig. la) . We examined daily precipitation records from 1930 to 1986 for Alice, Texas, 15 km from the study site, and found at least one occurrence of >23 cm of rainfall over a 10 d period in 23 of the 52 yr for which there were data. For years in which this pattern of rainfall occurred, there was an average (? SE) of 1.5 ? 0.2 such events. All but one of the events noted over the 52 yr of records examined occurred during the growing season, between April and October. During the dormant season, smaller rainfall events might contribute to subsoil recharge (Cable 1977 ). In addition, SM was measured from access tubes located in grass-dominated zones. Thus, with respect to adult Prosopis plants, these frequencies of subsoil recharge are probably underestimated, since trees and shrubs may enhance the water content of subsoil by intercepting rain and funnelling it down the stem and into soils with higher infiltration rates (Pressland 1973 , Brock et al. 1982 .
Average time elapsed between years receiving at least one event capable of generating subsoil recharge under the conditions prevailing during our study was 1.9 ? 0.5 yr (maximum = 5). This appears to be well within the limits of Prosopis survival. For example, during a severe 7 yr drought in the 1950s, Carter (1964) observed mortality (ca. 40%) occurred primarily during the last 2 yr of the drought period. He also noted Prosopis mortality OIKOS 57:3 (1990) was greatest on sites with fine-textures soils and least on sites with coarse-textured soils.
Establishment of Prosopis in grass stands
High rates of emergence (52%) and survival (74%) were observed for P. glandulosa seedlings in 1984. Survival among naturally occurring populations of Prosopis seedlings in the area ranged from 78 to 95% over this same period (Brown and Archer 1987) 
